Mechanisms of temperature adaptation in eukaryotes have been extensively studied during constant temperature acclimation, but relatively little is known about how organisms cope with life in fluctuating thermal environments. For free-living organisms, fluctuations may occur over time scales of hours to days or seasonally. Parasites can experience a change in their thermal habitat when they move between hosts during different life history stages. The malarial parasite, Plasmodium falciparum, is one such case. The first life stage occurs in the human host, which has a high body temperature, ranging from 37°C to 41°C during fever. The second two stages occur in the cooler mosquito host, which lives in habitats that commonly range from 20 to 30°C. In their Nature Brief Communication, Fang and McCutchan describe an investigation of the regulation of the transcription of a ribosomal RNA molecule in P. falciparum at different temperatures, which they hope will help us to understand how the parasite senses and reacts to it's changing environment.
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The team followed how one RNA component of the ribosome (a part of the cellular protein synthesis apparatus) was expressed when the parasite's cells were cultured at different temperatures. They already knew that this component of the ribosome was expressed as different isoforms, called A and S, during different stages of the parasite's life cycle. As these different life stages mark transitions from one temperature environment to another, they decided to monitor how expression of this component was affected by rearing parasite cells at different temperatures. They tracked the transcription of the RNA component using real-time PCR at 26, 31, 37 or 42°C to see how the expression profiles of A and S varied with temperature.
At first they discovered that the A form of the RNA was expressed mostly during the first life stage, while the S form was expressed during the latter two life stages.
Then they monitored the transcription of two separate isoforms of A and S to see if the parasite regulated their expression at different points in the parasite's life cycle. They found that both forms of A were expressed during the first life stage, but the parasite expressed S1 during the first developmental stage in the mosquito host, and switched to S2 when it progressed on to the second stage.
When the team looked at the effect of temperature on the expression profiles of the four forms of the RNA subunit, they found that A expression levels were essentially the same at all four temperatures, but when they looked at the expression profiles of the S isoforms, they varied significantly at different temperatures. Neither form of S RNA was expressed at 42°C, the temperature found in a human with fever, but as they dropped the temperature, both forms began to be expressed at increasing levels. The S2 RNA was most dramatically affected; its expression level at 26°C was over 20 times the level at 37°C! The authors speculate that the cold-activation of S2 expression may be due to transcriptional control by a cold-induced promoter, although this hypothesis is untested. Whether the sequence variations in the ribosomal RNA confers changes in the ribosome's function that match each of the parasite's thermal habitats is yet to be determined. 
THE BITTER TASTE OF GREENS
Bitter flavours often mean that something is poisonous. But most plants are bitter tasting, so it is important for plant eaters to distinguish between bitter flavours that are toxic, and those that are not. Until now, its has been readily accepted that animals could not tell bitter tastes apart when individual bitter taste receptors sent messages to one part of the brain, or a single receptor was responsible for detecting both flavours. This study by John Glendinning and colleagues, Adrienne Davis and Sudha Ramaswamy, contests these assumptions.
The experiments use taste habituation as a model system to determine whether bitterness receptors on the mouthparts of Manduca sexta caterpillars can discriminate between five bitter tasting diets: salicin, caffeine, aristolochic acid, and two bitter tasting plant extracts. The caterpillars have four different classes of taste receptor. Each receptor houses many different taste cells, but only one cell in each receptor responds to bitterness. These cells respond with varying efficacies to any given zest.
Caterpillars were first fed with a training diet containing salicin. When they no longer rejected the food, they were considered to have habituated to the chemical. The larvae were then given an edible control-disc, followed by a distasteful bitter test-disc, and munching rates were monitored throughout. If the caterpillars rejected the new bitter flavour after habituation, then they must be able to distinguish between salicin and the new flavour.
After habituation, the caterpillars no longer showed their usual aversion to caffeine. But the caterpillars still rejected the bitter flavours of aristolochic acid, and the two plant extracts.
When they looked at the way that the caterpillars responded to aristolochic acid, they realised that the neural mechanism was different from that used to encode the taste of the plant extracts. Discriminating the plant extracts relied on one cell responding to the extract, and a different cell responding to salicin. The team knew that the caterpillars have two receptors that both respond to aristolochic acid. They wondered about the relative importance of these receptors, so they surgically removed one of them. The ability to discriminate the aristolochic acid from salicin remained, so a single taste cell somehow managed to distinguish between the two flavours! The team already knew that some taste cells could signal the presence of two different bitter flavours as opposed to one, by sending distinct nerve signals for each flavour they detect. When the team measured the remaining taste cell's response to aristolochic acid, they found that this was indeed the case. The cell's response to aristolochic acid was very different from the signals it sent when recognising salicin. It now seems that caterpillars are equally able to discriminate tastes whether they are using two different taste cells or two pathways within one cell.
The authors argue that bitter taste discrimination does not occur at the level of the receptor but at the central nervous system, which can respond selectively to different coding pathways. This has implications for future studies of taste processing, since it is still unknown whether the whole animal can sense different sub-tastes of bitterness. It seems we can learn still more from watching other animals eat their greens. 
MAN CAN CONSERVE O TOO
Aside from a few 'deep blue' champion free divers, no one would claim that man distinguishes himself in the category of 'diving mammal', yet the classic dive response outlined by Irving and Scholander in the 1940s has been described in both human newborns and adults. The dive response is a suite of reflexes which conserves oxygen for the heart and brain during submergence; these responses include apnea (breath-holding), decreased blood supply to non-essential organs such as the peripheral muscles and gut, decreases in heart rate and cardiac pumping, and an increased dependence on anaerobic metabolism. These reflexes appear to some extent in all diving mammals and birds, with extreme reactions in forced-dived animals. But while the oxygen-conserving benefits of these adaptations are clear for natural divers, and for human newborns (who commonly endure low-oxygen conditions in utero and during the birthing process), the function of the dive response in human adults is less clear. Early studies in the late 1960s and early '70s were contradictory; some demonstrated an oxygen-conserving effect during the apnea and heart rate reduction of breath-hold diving, while other studies did not. The relatively poor diving abilities of humans compared to true diving mammals makes it difficult to determine if changes in heart rate and blood flow in man provide any real oxygen savings.
Andersson and colleagues answer the question of potential oxygen conservation in diving man by augmenting the effects of apnea alone with face immersion in exercising subjects. Earlier work in their lab had already demonstrated that breathholding with a reduced heart rate led to slightly smaller decreases in arterial oxygen saturation than when apnea was not
TASTE DISCRIMINATION DIVE RESPONSE

PUZZLING CONTRACTILE RINGS
What is the driving force within a living cell that allows separation of daughter cells during cytokinesis? In many eukaryotes cell division requires the formation of a contractile ring, composed of actin and myosin filaments, that generates force to cleave the cell. How this ring is formed and how it contracts is rather elusive, and the actomyosin organization and contraction was believed by many to resemble that of smooth muscles. Recently, Pelham and Chang studied actin dynamics during this process in fission yeast, a model organism for cytokinesis research. The surprising conclusion of their studies is that cytokinesis is a more dynamic process than many of us previously thought.
The formation of the contractile ring is very complex and hard to dissect. Genetic screens have identified many of the genes that are essential for ring assembly and its regulation during mitosis. However, the screens did not identify any of the genes that encode the protein complex called Arp2/3, which is the only well characterized cellular mediator that initiates actin polymerization.
Pelham and Chang used an alternative approach to see if Arp2/3 was involved in ring formation. They genetically fused a green fluorescent protein with a component of the Arp2/3 complex and followed its cellular distribution by confocal laser microscopy. They found that the fusion protein localized to the contractile ring. The next question was whether the ring is an active site for actin polymerisation, or whether actin molecules are assembled elsewhere in the cell before incorporation into the contractile ring. This pivotal question was tackled with a series of tricky experiments mainly based on the incorporation of fluorescence-labeled actin monomers into nascent filaments. It turned out that a fluorescence signal had already appeared at initial stages of ring formation, and was not obtained when actin polymerization was blocked with an inhibitor. Since pre-formed labeled actin filaments were not incorporated, the results obtained indicated de novo actin polymerization at the contractile ring.
The actin filaments of the ring were believed to associate with myosin molecules, and both proteins were thought to form stable filaments that slid past each other during ring contraction. But, if actin molecules were actively polymerising at the ring, filament sliding could be affected. Pelham and Chang investigated ring dynamics more precisely by analyzing in vivo turnover rates of actin filaments and other ring components. Amazingly, the contractile ring appeared as a highly dynamic structure in which actin and other ring components exchanged roughly every minute! Moreover, experimental attenuation of actin polymerization influenced the cell cleavage rates, which suggests that actin dynamics might even contribute to ring closure.
In summary, Pelham and Cheng showed that the contractile ring is a highly dynamic structure with an actin polymerization activity that is dependent on other proteins and that might in fact contribute force for cleavage. Previous studies had hypothesised that ring formation requires the recruitment of preexisting actin cables from other parts of the cell, but Pelham and Chang's results show this is not exclusively the case and provide an alternative model, in which actin dynamics contribute not only to assembly and maintenance but also to closure of the ring. Despite some significant differences in cytokinesis between fission yeast and other eucaryotic cells, many components of the molecular apparatus are highly conserved. Thus, the results obtained for fission yeast may be relevant to other eucaryotic cells, too. Hans Merzendorfer University of Osnabrück Merzendorfer@biologie.uniosnabrueck.de associated with a change in heart rate. The subjects were not exercising, however, so the changes in oxygen levels were too small to determine any true oxygen savings. In this study, the subjects exercised on stationery cycles to increase oxygen use overall, while breath-holding was augmented with face-immersion. The researchers predicted that the stronger dive response associated with cold-water immersion would more clearly delineate any oxygen conserving benefits of the diving reflex. (As in animal subjects, immersion of the face in cold water enhances the dive response beyond the responses to breath-holding alone, for example, a more exaggerated decrease in heart rate).
While the 'dive response' occurred during both apnea and apnea with face immersion, the reflex was clearly greater during immersion, with a significantly larger reduction in heart rate, a greater increase in arterial blood pressure, and most importantly, a smaller reduction in arterial oxygen saturation. Taken together, the authors conclude that the dive response in man does indeed conserve oxygen. The reduced cardiac output and the redistribution of blood flow should preserve lung oxygen at the expense of tissue oxygen stores (though lactate was not measured), and thus delay the development of hypoxia in the heart and brain. It could be speculated, then, that the 'diving reflex' is the common vertebrate response to apnea and immersion, which has been greatly extended and enhanced in true diving marine mammals and birds. Zhu's model also addresses a problem in simple models of swimming fish: are fish very tall or very long? Two widely used theories from the 1960s analyse a 2D horizontal slice through a swimming fish. The difficulty with analysing a 3D fish in two dimensions is that it requires assumptions about how the fluid flows near the top and bottom of the fish. One 2D theory suggests that if fish are very tall, most of the fluid flows longitudinally down the fish's body. An alternative theory assumes that fish are long and short, and almost all fluid moves laterally and wraps over the top and bottom. Zhu's calculations show that flow around the tuna is largely longitudinal, as if the fish were tall, but that flow around the danio is both longitudinal and lateral, like a combination of the two theories. The difference lies in the different swimming motions. Tunas move their bodies side-to-side relatively little, but danios move side-to-side much more, which forces more fluid laterally.
In the end, it seems that tunas can be modelled by one of the earlier 2D models, but neither simplified theory captures the danio's mode of swimming. Since danios are much more similar to an average fish than tunas, Zhu's simulations suggest that 2D theories might not describe how ordinary fish may re-use energy to boost their efficiency.
